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NOMENCLATURE
The axes systems and sign conventions are presented in figure 1. Lift, drag, and pitching
moments are presented about the stability axes system; and the side force, rolling moments, and
yawing moments are presented about the body axes system. Reference lengths and wing area are
given in table 1.
^ aspect ratio
b wing span (A = 45°)
Cr lift coefficient, —
qS
Cm pitching-moment coefficient about moment center shown in figures 2(a)
, _, , pitching momentand3(a),E JL-
^, .
 cc. . yawing momentCn yawing-moment coefficient, qSb
r> -j c cf • * side forceCy side-torce coeiticient,
c wing chord (A = 0°)
croot wing root chord (A = 0°)
c wing mean aerodynamic chord
Cp drag coefficient,





q,Q free-stream dynamic pressure, N/m2
f body radius
RN
~J~ unit Reynolds number in millions per meter
S wing area




x . chordwise distance along airfoil
Xi axial distance along body from the 57.45 cm longitudinal station
x-i>y\<y-i coordinates to define the wing tip (see figs. 2(b) and 3(b))
z vertical distance from the chord plane of the airfoil
a angle of attack, deg
A sweep angle between a perpendicular to the body axis and the 0.25c line of
the wing measured in a horizontal plane (right wing tip is forward for
for positive (A's), deg
IV
A COMPARISON OF THE EXPERIMENTAL AERODYNAMIC CHARACTERISTICS OF
AN OBLIQUE WING WITH THOSE OF A SWEPT WING
Edward J. Hopkins and Sam C. Yee*
Ames Research Center
SUMMARY
Force and moment characteristics were measured for two trapezoidal oblique wings and a
conventional swept wing mounted on a body of revolution at Mach numbers from 0.25 to 2.0. Both
oblique wings had the same planform, but differed in profile and flexibility. One of the oblique
wings was made of solid steel and had a maximum thickness-to-chord ratio of 4 percent. The other
wing was built up by taking an aluminum wing (having a geometrically similar profile and planform
to that of the steel wing) and adding epoxy material to the upper surface to increase the maximum
thickness-to-chord ratio to 8.2 percent. The aspect ratio for both oblique wings when swept 45°,
and for the swept wing with 45° of sweep was 4.1. Data were obtained at unit Reynolds numbers
ranging from 3.3 to 8.2 million per meter in order to vary the dynamic pressure and to explore any
flexibility effects. These data were compared with previously obtained data (ref. 5) on the alumi-
num wing before it was built up with epoxy.
Wing flexibility designed into the aluminum and built-up aluminum oblique wings increased
the range of lift coefficients from 0.30 to 0.70 over which the pitching-moment curves were linear.
However, flexibility did not improve the linearity of the rolling-moment curves and produced
sizable side forces. At a Mach number of 0.95, the trapezoidal oblique wing had little or no
improvement in the lift/drag ratios over those for a conventional swept wing of the same aspect
ratio, sweep, and profile, probably because iof the thinness of the wing profile. Thicker, highly
cambered profiles previously investigated on oblique wings showed considerable improvement in the
maximum lift/drag ratios over those for a conventional swept wing with the same profiles through-
out a Mach number range from 0.6 to 1.2.
INTRODUCTION
An oblique wing for highly maneuverable aircraft, was investigated (refs. 1 and 2) as a possible
means of improving both the maximum lift-to-drag ratios at transonic Mach numbers (with the wing
swept), and the landing characteristics (with the wing unswept). At the high lift required for such
aircraft, however, oblique wings incur asymmetric spanwise stalling resulting in nonlinear pitching-,
rolling-, and yawing-moment curves. Several possible solutions to this problem were investigated:
(a) fixed upward bending of the wing panels (refs. 2 and 3); (b) Kriiger nose flaps (ref. 4); and
(c) designed flexibility to give variable upward bending of the wing panels (ref. 5).
'Project Engineer, ARO, Inc., Moffett Field, Calif. 94035.
To obtain the desired flexibility (ref. 5), an oblique wing was made of solid aluminum with a
maximum thickness-to-chord ratio of only 4 percent. It was found that at the design flow condi-
tions, this aluminum wing had nearly linear moment curves indicating that as a result of wing
flexibility, the wing was "self-relieving." However, because of the thinness
 tpf the profile, it is
suspected that flow separation probably occurred near the wing leading edge atya low lift coeffi-
cient. In an attempt to alleviate this problem in the present investigation, the maximum thickness of
the profile was approximately doubled and the leading-edge thickness was increased considerably
more than double by reshaping the upper surface after an epoxy material was added. Wing flexibil-
ity was expected to be nearly the same as for the thin wing because of the low value of the modulus
of elasticity for the added material.
In contrast to the elliptical wing planform used in references 1 through 4, the flexible alumi-
num wings tested in the present investigation had straight leading and trailing edges, and wing spans
that were 15 percent greater than those for the ellipitcal wing previously tested. The planform of
these flexible wings approximated the planform given by R. T. Jones (ref. 6) which specifies the
optimum planform for minimum induced drag for a given lift and root bending moment. However,
for these specified conditions (with the wing span as a free variable), the optimum planform is not
elliptical.
The present experimental investigation was undertaken to study further the effects of wing
flexibility on the forces and moments of oblique wings, and to .compare the aerodynamic efficiency
of such wings at transonic Mach numbers with that of a conventional swept wing having a maximum
thickness of 4 percent chord. With the two oblique wings swept 45°, both wings have an aspect-:
ratio of 4.1. The unit Reynolds number was varied from 3.3 to 8.2 million per meter in order to,,
measure the effect of flexibility resulting from dynamic-pressure changes oh the linearity of the
moment curves. Results for the aluminum and the built-up aluminum oblique wings, and for the







6W = ALUMINUM TRAPEZOIDAL OBLIQUE WING
(A = 4.1 at A = 45°, (t/c)max = 0.04)
7W - STEEL TRAPEZOIDAL OBLIQUE WING
(A = 4.1 at A = 45°, (t/c)max = 0.04)
-8W - STEEL SWEPT WING
(A = 4.1, A = 45°, (t/c)max = 0.04)
-9W = ALUMINUM TRAPEZOIDAL OBLIQUE WING
(A = 4.1, at A - 45°, (t/c)max = 0.082)
TEST FACILITY
The Ames 6- by 6-Foot Wind Tunnel is a variable pressure, continuous flow, closed return-type
facility. The nozzle ahead of the test section consists of an asymmetric sliding block which permits
a continuous variation of Mach number from 0.25 to 2.3. The test section has a perforated floor
and ceiling for boundary-layer removal to permit transonic testing.
MODEL DESCRIPTION
The model consisted of a Sears-Haack body of revolution (designed to have minimum, wave
drag for a given length and volume) on which three different wings were mounted. Two of the three
wings were trapezoidal which could be mounted on the body at different sweep angles. The third
wing was a conventional swept wing having 45° of sweepback.
With different fairing blocks installed under the wings, the model could accommodate the
oblique wings swept 0°, 45°, 50°, 55°, and 60° or the conventional swept wing as indicated in
figures 2(a) and 3(a), respectively. Dimensional details of the body and the fairing blocks are given in
table 3 of reference 1. The oblique wings had an aspect ratio of 7.9 (A = 0°) or 4.1 (A = 45°) and
straight leading and trailing edges with modified elliptical wing tips as shown in figure 2(b). The
swept wing had an aspect ratio of 4.1, its 0.25 chordline swept 45° and straight leading and trailing
edges with modified elliptical tips as shown in figure 3(b). One oblique wing and the swept wing
were made of stainless steel, had the NACA 65A204 profile perpendicular to their 0.25-chordlines,
and had the same planform area. The other oblique wing was built up by taking an aluminum wing
(geometrically similar in planform and thickness to that of the steel oblique wing) and adding epoxy
material to the upper surface to make the maximum thickness-to-chord ratio 8.2 percent. This
modified profile was developed on the Jameson-Hicks-Vanderplaats optimization program to be
"shock free" at a Mach number of 0.6 and an angle of attack of 0°. The modified profile is
compared with the NACA 65A204 in figure 4. This aluminum oblique wing with a modified profile
was expected to have the same flexibility as the thin aluminum oblique wing investigated in
reference 5, because the modulus of elasticity of the epoxy material is less than one-tenth that of
aluminum. To prevent flaking of the epoxy material (fig. 5), slots (0.0635 cm in width) were cut in
the epoxy material at various spanwise stations. Coordinates for the NACA 65A204 and the
modified profile are presented in tables 2 and 3, respectively. The oblique wings had the same
straight-edged plan forms that approximated the R. T. Jones optimum planform (with curved edges)
for a given area and root bending moment. The wing span was 15 percent greater than the wing span
of the elliptical wing of references 1 and 2 in accordance with the Jones' concept of reference 6.
DATA REDUCTION AND TEST PROCEDURE
The model was sting supported through its base on a six-component electrical strain-gage
balance as shown in figures 6 and 7. Measured drag forces were corrected to a condition correspond-
ing to having the free-stream static pressure on the base of the model. Moment data are presented
about moment centers located as shown in figures 2(a) and 3(a), 0.4croot (A = 0°) for the oblique
wing and 0.25c for the swept wing. Reference lengths and the wing area used in the reduction of the
data are given in table 1.
Boundary-layer transition strips (0.1905 cm wide), consisting of random distribution of glass
spheres 0.01905 cm in diameter, were placed on the upper and lower surface of the wing 0.762 cm
downstream of the wing leading edge and on the body 2.54 cm behind its tip. Sublimation studies
made on the elliptical oblique wing (ref. 1) at wing sweep angles of 0° and;45^;indicate that the
boundary layer was tripped near the transition strips at a = 0° and 10°. Estimates based on the size
of the glass spheres required to cause transition at other sweep angles and Mach numbers in
reference 1 indicate that the size chosen in the present investigation should be adequate.
Data were obtained for both the oblique wing and the swept wing at Mach numbers of 0.25,
0.4,0:6,0.8,0.9,0.95, 1.1, 1.2, 1.6, and 2.0. At each Mach number, the model was tested at unit
Reynolds numbers ranging from 3.3X106/m to 8.2X106/m and throughout ah angle-of-attack range
of -3° to 22°. Angle of attack was indicated by an electrical dangleometer mounted in the model
support strut located downstream of the sting. Corrections were applied to the indicated angle of
attack for balance and sting deflections.
RESULTS AND DISCUSSION
Force and moment coefficients are presented for each of the wing-body combinations at each
of the test Mach numbers. Table 4 shows the index of the figures for the various configurations.
Results for the aluminum oblique wing with the modified NACA 65A204 profile are presented in
figures 8 through 48, and the results for the steel oblique wing with the NACA 65A204 profile are
presented in figures 49 through 89. Results for the steel swept wing with the NACA 65A204 profile
are presented in figures 90 through 98. Finally, at a Mach number of 0.95 and a sweep angle of 45°,
a comparison of the results for all of the above wings and the aluminum oblique wing with the
NACA 65A204 profile (previously investigated in ref. 5) is presented in figure 99.
A comparison of the pitching-moment data for the aluminum oblique wings (with either
profile) with that for the steel oblique wing is shown in figure 99(c). For the steel oblique wing, the
pitching-moment curves were linear up to a Cr =0.3 while the pitching-moment curves for the
aluminum wings were linear up to a CT =0.7, indicating that wing flexibility increases the range of
lift coefficients over which the pitching moment curves are linear. For reasonable center-of-gravity
locations, the swept wing exhibited the usual "pitch-up" tendencies above a C^ = 0.4. Wing flexibil-
ity, which had a very small effect in linearizing the rolling-moment curves, produced sizable side
forces as shown in figure 99(e). It is interesting to note that the oblique wing (7W45B) with the
thinner wing profile had only a slightly higher maximum lift/drag ratio than the swept wing
(8W45B), and that the lift/drag ratios for the thicker oblique wing (9W45B) were only superior to
the swept wing (8W45B) between lift coefficients of about 0.4 and 0.6 as shown in figure 99(d).
This result is different from the result shown previously in reference 2 for the elliptical wings for
which the oblique wing configuration had considerably higher maximum lift/drag ratios than the
conventional swept wing at all Mach numbers. This difference in result is believed related to the
difference in the airfoils for the two investigations, the elliptical wings having a highly cambered
thick airfoil (('/c)max = 0.10 along the wing span) and the trapezoidal wings having the thin NACA
65A204 airfoil with practically no camber. Therefore, it must be concluded that to provide
maximum aerodynamic efficiency, the oblique-wing concept has application primarily to wings
designed with relatively thick and cambered airfoils.
Ames Research Center
National Aeronautics and Space Administration
Moffett Field, Calif. 94035, January 25, 1977
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TABLE 1.-MODEL GEOMETRY, REFERENCE LENGTHS AND .AREAS
Body ;






Span (A = 0°) 104.08cm
Span (reference), b 74.80 cm
Area (reference) S 1365.09cm2
Mean aerodynamic chord (reference), c 21.62 cm
Aspect ratio (A = 0°) . 7.9
Aspect ratio (A = 45°) 4.1
Root chord 22.51 cm
Tip chord (projected) 3.81 cm
Taper ratio 0.169
Incidence relative to body centerline 0°
Profiles perpendicular to the 0.25c line NACA 65A204 or
modified NACA 65A204
(see tables 2 and 3 and
fig. 4)
Straight-tapered swept wing
Span (reference), b 74.80 cm
Area (reference), S 1365.09 cm2
Mean aerodynamic chord (reference), c 21.62 cm
Aspect ratio 4.1
Root chord 31.83cm
Tip chord (projected) 4.67 cm
Taper ratio . 0 . 1 4 7
Incidence relative to body centerline 0°
Profile perpendicular to 0.25c line NACA 65A204
(see table 2 and fig. 4)







































































































































































































































































































































































































Aluminum oblique, modified NACA
65 A204 profile
Aluminum oblique, modified NACA
65 A204 profile
Aluminum oblique, modified NACA
65A204 profile
Aluminum oblique, modified NACA •
65A204 profile .
Aluminum oblique, modified NACA
65 A204 profile
 :
Steel oblique, NACA 65A204 profile
Steel oblique, NACA 65A204 profile
Steel oblique, NACA 65A'204 profile .
Steel oblique, NACA 65A204 profile
Stee} oblique, NACA 65A204 profile \ ,
; Steel swept, NACA 65A204 profile.
a. Aluminum oblique, NACA 65A204 .
profile.
b. Aluminum oblique, modified NACA
65A204 profile
 ;
c. Steel oblique, NACA 65A204 profile
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